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Cytoplasmaa b s t r a c t
Reptin and Pontin belong to the AAA+ ATPase family of DNA helicases. Both proteins are present in
several chromatin-remodeling machineries and are involved in transcriptional regulation, DNA
repair, and telomerase activity, but they also function independently from each other. Here we
report the identiﬁcation of p65 as an interacting partner of Reptin. Using reporter gene assays, we
show Reptin inhibits NF-jB transactivation after TNFa stimulation. Reptin is mainly localized in
the cytoplasm and impedes NF-jB activation by inhibiting IjB-a degradation and restraining p65
nuclear translocation. These results reveal a novel mechanism for the control of NF-jB pathway
by cytoplasmic Reptin.
 2015 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction complexes such as the Tip60, Ino80, SRCAP and Uri complexesNF-jB transcription factors are key regulators of immune and
inﬂammatory response [1], which function as homo- or heterodi-
mers composed of members of the NF-jB/Rel family. Proteins
belonging to the NF-jB/Rel family all share an N-terminal Rel
homology domain (RHD) and can be divided into two classes based
on their C-terminal sequences [2]. One group includes RelA (p65),
RelB and cRel that contain one or more transactivation domains in
the C-terminal end. The other group, including p50 and p52, are
produced cotranslationally or by limited proteolysis from larger
precursor proteins. NF-jB activity is tightly regulated by members
of the IjB family [3]. In unstimulated cells, NF-jB is sequestered in
cytoplasm by IjB proteins. Activation of the IjB kinase complexes
leads to phosphorylation of the IjB molecules [4]. Subsequent
ubiquitination and degradation of the inhibitor liberates the
NF-jB complex, which is able to migrate to the nucleus and to acti-
vate NF-jB target gene expression.
Reptin (RUVBL2, Tip48) and Pontin (RUVBL1, Tip49), which are
closely related to the bacterial DNA helicases RuvB, belong to the
family of AAA+ ATPases sharing conserved Walker A and B motifs
[5,6]. Both proteins share residence in several multiproteinand take part in transcription regulation, chromatin remodeling,
snoRNA maturation and genomic integrity [7–17]. On the other
hand, Reptin and Pontin also directly associate with transcription
factors b-catenin, Myc, TBP, E2F1, and ATF2 and modulate their
transcription activities [18–23]. Interestingly, they may function
cooperatively or oppositely dependent on the transcription factor
that they associate with. For instance, either Pontin or Reptin
potentiates the ability of Myc to inhibit Miz1 and repress its target
gene p21CIP1 [24], while they function as antagonistic regulators of
b-catenin signaling activity [18].
It was implicated that Pontin and Reptin oppositely regulated a
subset of NF-jB target genes, including the metastasis suppressor
gene KAI1, indirectly through binding to Tip60 complex or
b-catenin, respectively [25]. In this study, we report that Reptin
directly binds to p65 and represses NF-jB activity by inhibiting
it nuclear translocation.
2. Materials and methods
2.1. Plasmids and antibodies
Reptin full-length cDNA was synthesized and Expression vec-
tors for the full-length and truncated mutants of Reptin were
derived by standard cloning procedures using 3Flag plasmid
(Sigma–Aldrich).
Antibodies used were the following: anti-Reptin (ab36569,
Abcam), anti-p65 A (sc-109, Santa Cruz), anti-p65 C20 (sc-372,
Santa Cruz), anti-phospho-p65 (sc-33020, Santa Cruz) anti-IjB-a
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anti-Flag M2 (Sigma), anti-tubulin (Sigma).
2.2. RNA interference by siRNA
The shRNAs targeting Reptin sequences 518–540 and 962–984
respectively were cloned in pSRP vector. The retroviruses express-
ing Reptin shRNAs were packaged in HEK293 cells and subse-
quently infected HEK293 cells followed by puromycin selection
(1.5 lg/mL) for 3 days. The survived cells were collected and the
levels of Reptin were analyzed by Western blotting.
2.3. Cell fractionation
Cytoplasmic and nuclear fractions were prepared using a kit
(Pierce) and subjected to Western blotting analysis.
2.4. Reporter assays
HEK293 cells were transfected with 1 lg for NF-jB luciferase
reporter, 0.5 lg for b-gal and 1 lg for Reptin or Pontin. After 24 h,
the cells were treated with TNFa (10 ng/mL) for 6 h. Luciferase
activity was measured in a luminometer and normalized to b-gal
expression.
2.5. Immunoﬂuorescent staining
HT1080 cells were transfected with empty vector or
Flag-tagged Reptin. After 24 h, the cells were treated with or with-
out TNFa (10 ng/mL) for 1 h. Cells were then washed with PBS and
ﬁxed in 3% formaldehyde for 20 min, washed again, and immunos-
tained with the indicated antibodies, followed by appropriate sec-
ondary antibodies conjugated to rhodamine or ﬂuorescein
isothiocyanate. Coverslips were mounted on slides and viewed
under a confocal microscope.
2.6. EMSAs
HEK293 cells were transfected with indicated cDNAs. After 24 h,
the cells were treated with or without TNFa (10 ng/mL) for 30 min.
Nuclear extracts were prepared as described above. The EMSAs
were performed with a kit from Promega according to the manu-
facturer’s protocols. The oligonucleotides containing a consensus
NF-jB binding site was end-labeled with [c-32P]ATP
(3000 Ci/mmol) using T4 polynucleotide kinase. Nuclear extracts
were incubated with 32P-labeled oligonucleotides in a 20-lL reac-
tion volume for 20 min at room temperature. In some reactions,
nuclear extracts were pre-incubated with recombinant proteins
or p65 antibody to perform supershift assays. DNA–protein com-
plexes were fractionated on non-denaturing polyacrylamide gels.
Gels were dried and exposed to X-ray ﬁlms to detect DNA–protein
complexes.3. Results
3.1. Identify p65 as a Reptin binding protein
Accumulating evidences suggest Reptin is overexpressed in a
large number of cancer types [26–28]. Interestingly, enhanced cyto-
plasmic expressionof Reptin is detected in tumors [29]. As all known
functions of Reptin are consistent with its nuclear localization, it
may play distinct roles independently of its nuclear functions. To
conﬁrm this, we analyzed Reptin expression in several cancer cell
lines. As reported, Reptin is highly expressed in cytoplasm in 293T
(Fig. S1), MCF7 and H1299 cells (data not shown). To understandthe roles of Reptin in both cytoplasm and nucleus, we generated a
H1299 cell linewhich stably expressed Flag-taggedReptin and iden-
tiﬁed Reptin-interacting proteins by afﬁnity chromatography. In
consistent to previous results [29], overexpression of Flag-tagged
Reptin led to a parallel down-regulation of the expression of the
endogenous Reptin, suggesting the level of Reptin protein was
strictly controlled in cells (Fig. 1A). Immunoprecipitation of
Flag-tagged Reptin with M2 agarose followed by mass spectrum
analysis identiﬁed a number of proteins associated with Reptin.
Among them included the proteins that have shown to interactwith
Reptin or reside in the same complexes, for example, BRD8 [30],
PCNA [31] and transcription factor YY1 [32] (Fig. 1B). Interestingly,
p65 was one of the candidates that were co-immunoprecipitated
withReptin. The interactionwas further conﬁrmedbyWesternblot-
ting using anti-p65 antibody (Fig. 1C). This ﬁnding particularly drew
our attention as p65, under normal conditions, was sequestered in
cytoplasm by IjB-a, suggesting Reptin may interact with p65 in
cytoplasm.
3.2. Reptin binds to p65 in vitro and in vivo
We ﬁrst analyzed the ability of the two endogenous proteins to
interact in vivo. The cell lysate from HEK293 cells was immunopre-
cipitated with either p65 agarose or IgG agarose as control.
Interaction between endogenous Reptin and p65 was observed
by Western blotting with anti-Reptin antibody (Fig. 2A). To
demonstrate that Reptin and p65 interact directly in vitro, p65
cDNA was transcribed and translated in the reticulocyte lysates,
and the radioactively labeled protein was precipitated with recom-
binant His-tagged Reptin protein immobilized on Ni–NTA agarose.
The Reptin-associated p65 was detected on SDS–PAGE gel (Fig. 2B).
In addition, the presence of various nucleotides did not affect the
binding capability of Reptin to p65, suggesting the interaction
was not dependent on Reptin ATPase activity (Fig. 2B).
To map the p65-binding region in Reptin, HEK293 cells were
transiently transfected with N- and C-terminal deletion mutants of
Flag-tagged Reptin together with p65 plasmid. Both ReptinDN
(amino acids 88–463) and ReptinDC (amino acids 1–294) (Fig. 2C),
but not Reptin CT (amino acids 295–463), immunoprecipitatedwith
p65, indicating the p65-binding domain is located in the middle
region of Reptin (Fig. 2D). ReptinDNorDCwere lack of ATPase activ-
ity as Walker A or B motif was deleted in the proteins. Consistently,
theWalker Bmutant form of Reptin (D229N) interactedwith p65 to
the same extent as the wild type did (Fig. 2D). The capability of the
truncatedormutantReptin binding top65 suggested the interaction
of Reptin to p65 did not reply on its ATPase activity in cells. In addi-
tion, Pontinwas also co-immunoprecipitatedwithp65, although the
interaction was much weaker comparing to Reptin (Fig. 2D). In a
similar approach, the Reptin-binding site in p65 was mapped to its
RHD domain. Co-expression of truncated p65 (Fig. 2E) and
Flag-tagged Reptin in HEK293 cells revealed that p65–RHD (amino
acids 1–310) interactedwith Reptin after Flag immunoprecipitation
followed by Western blotting using a p65 A antibody recognizing
N-terminus of p65, whereas p65 CT (amino acids 311–551) was
not detected by a p65 C20 antibody recognizing C-terminus of p65
(Fig. 2F).
3.3. The binding of Reptin to p65 was enhanced after TNF-a treatment
In unstimulated cells, NF-jB resides in cytoplasm in an inactive
latent form complexedwith its inhibitor IjB-a. Multiple extracellu-
lar stimuli, such as TNFa, can induce NF-jB activation by promoting
IjB-a phosphorylation and degradation. The released NF-jB then
translocates to the nucleus and promotes inﬂammatory gene
expression. We then investigated the binding capability of Reptin
to p65 after TNFa stimulation. HEK293 cells transiently transfected
Fig. 1. Identiﬁcation of p65 as a binding protein of Reptin in cells. (A) Cell lysates made from H1299 cells stably expressing Flag-tagged Reptin were resolved by SDS–PAGE
and analyzed by Western blotting using anti-Reptin and anti-Flag antibodies. (B) Reptin-interacting proteins were puriﬁed from H1299 cells stably expressing Flag-tagged
Reptin by coimmunoprecipitation using anti-FLAG antibody. As a negative control, cells expressing empty vector (MSCV) were used. The bound proteins were resolved by
SDS–PAGE and prepared for LC–MS/MS analysis. (C) Endogenous p65 was detected from the eluates after puriﬁcation by immunoblotting assays.
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Co-immunoprecipitation with Flag agarose followed by
immunoblotting with p65 antibody revealed that p65 could be
detected in the Flag-tag Reptin immunoprecipitates but not in the
control samples (Fig. 3A, lane 3). Interestingly, the interaction of
the two proteins was signiﬁcantly strengthened after TNFa treat-
ment (Fig. 3A, lane 4). Moreover, TNFa treatment signiﬁcantly
enhanced the afﬁnity of the endogenous Reptin and p65 in H1299
cells (Fig. 3B), suggesting that Reptin-p65 interaction was tightly
regulated by TNFa under physiological conditions. NF-jB was
released from its inhibitory complex and subjected to
post-translational modiﬁcation such as phosphorylation after
TNFa stimulation. To rule out the possibility that enhanced interac-
tion was due to Reptin post-transcriptional changes after TNFa
treatment, we performed in vitro binding assay using recombinant
His-tagged Reptin to pull down p65 fromHEK293 cell lysate with or
without TNFa treatment. Consistently, p65 was only observed in
Reptin precipitates when cells were stimulated with TNFa
(Fig. 3C), suggesting that collapse of NF-jB/IjB-a complex or p65
modiﬁcation may contribute to the increased afﬁnity of Reptin
and p65. Indeed, dephosphorylation of p65 by CIP treatment further
strengthened the associationwith Reptin, although the exact under-
lying mechanism is not understood yet (Fig. S2).
3.4. Reptin repressed NF-jB transactivation after TNFa stimulation
To analyze whether Reptin might inﬂuence NF-jB transactiva-
tion potential, we developed reporter assays. HEK293 cells were
transiently transfected with a luciferase reporter construct whose
expression was under the control of NF-jB. TNFa treatment stimu-
lated luciferase activity, while over-expression of Reptin had a
strong repressive effect, reducing the luciferase activity to 30% of
that stimulated by TNFa alone (Fig. 4A). In contrast,
over-expression of Pontin did not modify reporter activity signiﬁ-
cantly (Fig. 4A).We next examine the repression of reporter activity
by Reptin when co-expressing with p65. Ectopic expression of p65
led to a much stronger stimulation of reporter activity comparingto the effect by TNFa. Again, co-expressionwith Reptin signiﬁcantly
reduced the luciferase activity (Fig. 4B). Pontin had a modest effect
to upregulate NF-jB reporter activity in the linewith the data that it
had a weak interaction with p65 in cells. Co-expression of Pontin
with Reptin attenuated the repressive effect induced by Reptin,
implicating that Pontin may heterodimerize with Reptin and neu-
tralize Reptin inhibitory activity on NF-jB (Fig. 4B). To study
whether the endogenous Reptin represses NF-jB transactivation,
we generated two HEK293 stable cell lines expressing different
Reptin shRNAs respectively. The protein levels of Reptin were suc-
cessfully knocked down by shRNA as shown in Fig. 4C. Transient
transfection of NF-jB reporter followed by TNFa stimulation
revealed that the luciferase activity was upregulated in Reptin
knockdown cells, suggesting that endogenous Reptin played a
repressive role in NF-jB activation (Fig. 4D).
Both Reptin and Pontin have ATPase activity-dependent and
independent functions. To study if the inhibitory effect of NF-jB
activation was mediated by Reptin ATPase activity, we
co-expressed NF-jB reporter and p65 with either wild-type or
Walker B mutant form of Reptin in HEK293 cells. The fact that
mutant Reptin was as efﬁcient as wild-type Reptin for the repres-
sion of NF-jB activity indicated that ATPase activity was dispens-
able for the inhibitory activity of Reptin (Fig. 4E).
3.5. Reptin inhibited p65 DNA binding in vivo, but not in vitro
To test whether Reptin can affect p65 DNA binding after TNFa
stimulation, we conducted EMSAs to test the interaction of p65 to
oligonucleotides containing generic NF-jB consensus sequence. It
was seen that clear p65–DNA complexeswere formed in the control
HEK293 cells treated with TNFa, while the DNA complex formation
was inhibited in the cells overexpressing Reptin (Fig. 5A).
Overexpression of Pontin restored the complex formation
(Fig. 5B), which is consistent to the above results that Pontin atten-
uated the repression of NF-jB reporter activity by Reptin. The data
triggered us to examine whether Reptin could directly disrupt p65
DNAbinding in vitro. Cell lysates fromHEK293 cells stimulatedwith
Fig. 2. Reptin binds to p65 in vitro and in vivo. (A) Endogenous p65 in HEK293 cells was immunoprecipitated with anti-p65, and the Western blotting was probed with anti-
p65 and anti-Reptin. IgG served as a negative control. (B) In vitro interaction of Reptin with p65 demonstrated by afﬁnity precipitation of in vitro transcribed and translated
35S-p65 by His-tagged Reptin in the absence or presence of various nucleotides. (C) Schematic diagrams of Reptin fragments used in the following coimmunoprecipitation
experiments. (D) Expression vectors of p65 and Flag-tagged Reptin or its mutant forms were transfected as indicated. Immunoprecipitated p65 was detected by Western
blotting. Western blotting of the cell lysates using anti-p65 and anti-Flag were controls for protein expression. (E) Schematic diagrams of p65 fragments used in the following
coimmunoprecipitation experiments. (F) Expression vectors of Flag-Reptin and p65 or its truncated forms were transfected as indicated. p65 from immunoprecipitates and
lysates were detected by Western blotting using anti-p65 A and C-20 antibodies recognizing p65 N- and C-terminus, respectively.
Fig. 3. The binding of Reptin to p65 was enhanced after TNF-a treatment. (A) HEK293 cells were transfected with empty vector or Flag-Reptin for 24 h and then treated with
or without TNFa (10 ng/mL) for 30 min. Anti-Flag immunoprecipitates and cell lysates were analyzed by Western blotting using anti-p65 and anti-Reptin antibodies. (B)
H1299 cells were treated with or without TNFa (10 ng/mL) for 30 min. Endogenous p65 was immunoprecipitated with anti-p65, and the Western blotting was probed with
anti-p65 and anti-Reptin. IgG served as a negative control. (C) HEK293 cells were treated with or without TNFa (10 ng/mL) for 30 min. Cell lysates were incubated with His-
Reptin immobilized on Ni–NTA agarose. The precipitates were analyzed by Western blotting using anti-p65 and anti-Reptin antibodies.
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Fig. 4. Reptin repressed NF-jB transactivation after TNFa stimulation. HEK293 cells were transiently transfected with the NF-jB luciferase reporter and b-gal together with a
combination of expression plasmids as indicated. Data represent the average of three independent transfections and reporter activities are normalized to b-gal expression. (A)
NF-jB luciferase reporter activities were measured 6 h after TNFa treatment. (B) NF-jB luciferase reporter activities were measured when cells were co-transfected with p65.
(C) HEK293 cells were infected with retrovirus encoding vector or ReptinRNAi constructs and selected with puromycin for 3 days. The levels of Reptin were analyzed by
Western blotting. (D) NF-jB luciferase reporter activities were measured in Reptin-knockdown HEK293 cells 6 h after TNFa treatment. (E) NF-jB luciferase reporter activities
were measured when cells were co-transfected with p65 and wild-type or Walker B mutant Reptin.
Fig. 5. Reptin inhibited p65 DNA binding in vivo, but not in vitro. EMSA using 32P-labeled oligonucleotide probes corresponding to generic NF-jB consensus binding site with
nuclear extract. Speciﬁcity of DNA–protein complexes was conﬁrmed by supershifting with p65 antibody. (A) HEK293 cells were transiently transfected with indicated
expression vectors for 24 h and stimulated with TNFa (10 ng/mL) for 30 min. The nuclear extracts were prepared and subjected to EMSA. (B) HEK293 cells were stimulated
with TNFa (10 ng/mL) for 30 min. The nuclear extracts were prepared and incubated with indicated recombinant proteins before EMSA.
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followed by EMSAs. As shown in Fig. 5B, the p65–DNA complexes
were affected by neither Reptin nor Pontin, suggesting that both
proteins did not directly inhibit p65 loading on DNA. The speciﬁci-
ties of the labeled p65–DNA complexes were further conﬁrmed by
supershifting with a p65 antibody (Fig. 5A, lane 6; Fig. 5B, lane 8).
3.6. Reptin inhibited p65 nuclear translocation after TNFa stimulation
In order to explore the mechanisms by which Reptin regulates
NF-jB activity, we next examined whether Reptin affected IjB-adegradation or nuclear translocation of p65. Cytoplasmic and
nuclear fractions from both control and Flag-Reptin overexpressing
HEK293 cells stimulated with TNFa for various time periods were
immunoblotted with indicated antibodies. As expected, TNFa
induced IjB-a phosphorylation and degradation by 5 min after
TNFa treatment and signiﬁcant amount of p65 was observed in
nuclear fraction in control cells after 20 min. However, p65 nuclear
translocation was delayed in cells transiently transfected with
Reptin – only little amount of p65 was detected even at 40 min
after TNFa treatment. The impaired degradation of IjB-a protein
seems to account for the defect of p65 nuclear translocation in
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rylation were not altered in the cells as shown in Fig. 6A. To further
conﬁrm p65 nuclear translocation may be inhibited by Reptin, we
performed immunoﬂuorescence experiment to investigate p65
subcellular localization with or without Reptin overexpression.
NF-jB p65 was mainly sequestered by IjB-a in cytosol in unstim-
ulated HT1080 cells and overexpressed Reptin has little effect on
p65 cellular distribution (Fig. 6B, upper panel). TNFa treatment
induced p65 accumulation in nuclei. However, the protein level
of nuclear p65 appeared much less in the cells transfected with
Reptin (Fig. 6B, middle and lower panel, white arrow). Thus,
Reptin may repress NF-jB activity, at least partially, by blocking
IjB-a degradation and p65 nuclear translocation. To investigate
if Reptin physically resided in NF-jB/IjB-a complex and inhibited
IjB-a degradation, we transiently transfected HEK293T cells with
Flag-tagged Reptin together with p65 plasmid. Flag-Reptin could
bind to endogenous IjB-a only in the presence of overexpressed
p65 (Fig. 6C), suggesting Reptin may complex with IjB-a through
p65 and contribute to stabilization of IjB-a after TNFa treatment.
4. Discussion
NF-jB signaling pathway and downstream inﬂammatory gene
expression have been extensively studied due to involvement of
NF-jB in the pathology of several inﬂammatory diseases and can-
cers. In this paper, we identiﬁed Reptin as a novel negative regula-
tor of NF-jB activation that physically interacts with p65. The
ATPase activity has been shown critical for many of Reptin and
Pontin functions. For example, ATPase activities of both proteins
are required for regulation of heart growth in zebraﬁsh embryos
[33] and c-Myc-induced cell transformation [20]. It is also been
shown that the ATPase activity of Reptin is required for tumor cell
growth in HCC [26]. On the other hand, the ATPase activity is dis-
pensable for some of Reptin functions such as repression of the
inﬂuenza A virus polymerase [34] and of the transcriptional activ-
ity of ATF2 [23]. In our study, the regulation of NF-jB activationFig. 6. Reptin inhibited p65 nuclear translocation by preventing IjB-a degradation. (A)
later, the cells were treated with TNFa (10 ng/mL) for the indicated time periods. Cytop
indicated antibodies. Tubulin and PARP served as cytoplasmic and nuclear control respect
vector or Flag-Reptin. 24 h later, cells were stimulated TNFa (10 ng/mL) for 1 h, and p6
antibody, followed by confocal microscopy. (C) HEK293 cells were transiently transfecte
anti-Flag antibody were analyzed by Western blotting with anti-p65 and anti-IjB-a antdoes not rely on ATPase activity of Reptin (Fig. 4E). Moreover, the
truncated mutant of Reptin lacking Walker A or B motif still binds
to p65, suggesting that inhibition of NF-jB activity is mediated by
direct protein–protein interaction, but not by its enzymatic activi-
ties. Pontin, although highly homologous to Reptin, binds to p65
weakly compared to Reptin (Fig. 2D). This may be explained by
the fact that Pontin mainly resides in nuclei in HEK293 cells
(Fig. 1S) as well as other cancer cell lines (data not shown). As a
result, Pontin moderately promote p65 transcription activity.
However, Pontin showed strong activity to attenuate the repres-
sive function of Reptin on p65 transactivation (Fig. 4B), suggesting
that Pontin may rescue p65 from Reptin repression by forming
tight complex with Reptin and preventing its interaction with p65.
Our data show that p65 nuclear translocation is impeded in the
presence of Reptin overexpression and this is probably due to the
impairment of IjB-a degradation after TNFa stimulation.
Although the mechanism underlying the observation is yet to be
addressed by further investigation, a few clues suggest that the
inhibition of NF-jB activation by Reptin may happen in cytoplasm.
Firstly, Reptin has much more expression in cytoplasm than in
nuclei in the cell lines we used in this study. In HEK293 cells,
nuclear Reptin is barely observed by Western blotting (Fig. S1).
With that low protein level, it is very likely that cytoplasmic
Reptin accounts for the major task to repress NF-jB activation.
Secondly, Reptin may reside in NF-jB/IjB-a complex which exists
in cytoplasm (Fig. 6C) and prevent IjB-a from ubiquitination and
degradation. Given the fact that the association of p65 and
Reptin was enhanced after TNFa treatment and regulated by p65
phosphorylation, we hypothesize that post-translational modiﬁca-
tions of p65 followed by TNFa treatment may facilitate the recruit-
ment of Reptin to p65/IjB-a complex and further stabilize the
complex by inhibiting IjB-a degradation. However, our result does
not exclude the possibility that a fraction of Reptin binds and
represses NF-jB at transcription level in nuclei as reported by
Kim et al. [25]. Indeed, we observed Reptin was also translocated
into nuclei together with p65 after TNFa stimulation (Fig. 6A),HEK293 cells were transiently transfected with empty vector or Flag-Reptin. 24 h
lasmic and nuclear fractions were prepared and subjected to Western blotting with
ively. (B) HT1080 cells grown on coverslips were transiently transfected with empty
5 and Flag-Reptin were detected by immunoﬂuorescent staining with p65 or Flag
d with expression vectors for Flag-Reptin and/or p65. The immunoprecipitates with
ibodies.
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However, the overexpressed Reptin did not translocate into nuclei
and still inhibited p65 nuclear translocation and activation
(Fig. 6A), strongly supporting the hypothesis that the repressive
effect is, at least partially, exerted by cytoplasmic Reptin.
Cytoplasmic Reptin has shown upregulated in several cancer types
and is implicated to have distinct roles in regulating cellular pro-
cesses. Our data show for the ﬁrst time that cytoplasmic Reptin
physically interacts with p65 and represses NF-jB signaling inde-
pendent of its ATPase activity.
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